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CHAPTE5 I 
lOTRODUCTION 
Tlie clearcu.t logging method entirely removes merchantable trees 
and acctuffulates heavy volxtmes of slash, which represents an increased 
fire hazard* To sustain maxiffl"um forest productivity^ reproduction of a 
desired species mxist be subsequently ensured. 
Fire plays two roles in determining the success and vigor of the 
new crop. On a prescription basis it can economically and efficiently 
prepare the site and reduce the hazard; or, as a random occurrence, it 
can devastate both renewed and surrounding growth. 
Results of this study should assist in ensuring the proper role of 
fire in the lodgepole pine (Pinus contorta var, latifolia Engelm,) type. 
Regression equations are given for two parameters in terms of the 
appropriate component of the Canadian Fire Weather Index (FWI), which is 
calculated daily thi'oughout the country. Equilibrium head fire rate of 
spread is expressed as a function of the Initial Spread Index (ISI) 
and depth of burn iiiLu Lhe- duff layer is expressed as a function of the 
Duff Moistiire Code (DMC), Slash consumption is discussed} however, 
significant relationships with the FWI were not established. 
Design and presentation of the study was based on the assumption 
that the resoiurce manager has systematically assessed the importance 
of fire, both controlled and imcontrolled, to his specific problem. 
If he decides to burn, the description of fire impact (fuel consumption) 
should help him meet his objectives. If he chooses not to apply fire 
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or alternative treatments, then a means of rating the daily hazard is 
possible using the rate of spread data. 
The lodgepole pine type was chosen for the study as a result of its 
present and projected utilization in Canada, It is now one of the most 
valuable forest species in Alberta^ harvested extensively for posts< 
poles, and the manufacture of pulp. The type occurs primarily in the 
Subalpine and Foothills regions and is termed a dominant subclimax 
species by Eowe (A-1), 
Twenty one-acre lodgepole pine slajsh plots were experimentally 
burned during the stmimers of 19^91 1970 i sJid 1971» Results were related 
to components of the Canadian Fire Weather Index to provide easily 
obtainable operational references since daily index calculations are 
standard across the nation. 
Objectives 
The purpose of this study is twofoldj hence, objectives relate to 
both fire protection and fire use in the lodgepole pine slash type, 
1, To measure equilibrium headfire spread rates in 
needle-retaining lodgepole pine slash over a range 
of weather conditions. These will be related to the 
appropriate component of the Canadian Fire Weather 
Index (FWI), providing a daily operational reference 
for rating slash hazard, 
2, To determine the impact of fire on both slash and duff 
material. This will also be related to appropriate 
3 
components of the FWl, proriding a daily operational 
reference for prescribed bxirning, 
Literatiire Review 
Fire has played an important, although at times devastating role 
in the forested regions of the world (36), Considering the following 
excerpt from Komarek (32) it is little wonder that opinions of fire axe 
as varied as its nature: 
"Fire can mean a fire in grass^ or in leaves5 or in 
herbaceous plant growth, in forest debris, or even 
in the croi,vns of trees. It can travel slowly, 
quietly, and be as gentle as the whisper of a breeze, 
or it can travel with tremendous speed, literally 
rosir, and be as destructive as the greatest of 
storms; and it can change from one to the other and 
even back again, time and time again with near 
lightning speed 
The description implies that one can be biased according to his own 
experience. Since the turn of the century, North American resource 
managers have been ex^josed to opposite effects of fire. Tremendous 
destruction has resulted from its random occurrence on one hand, while 
significant benefits have accrued from its controlled use on the other. 
Aspects of both use and control pertaining to this study are reviewed. 
Fire Use in Slash Types 
Historical development, - The arrival of the early settlers markedly 
influenced the forest structure of North America, Viewed only as endless 
barriers to pioneer progress, they soon began to fall to the axe, first 
for direct homestead establishment and then for e3q)ort to overseas markets. 
k 
The Iximbering industry developed in giant strides as the settlements 
pushed westwai'd, with the resxilting accumulation of vast areas of 
logging slash. It was the slash that was instrumental in the 
catastrophic fires which swept the continent in the late iSOO's and 
early 1900's. The Hinckley fire in 189^, which claimed kOO lives, the 
Chisholm fire in I908, and Tacholt fire in 1902 are only a few of the 
unforgotten lessons (3^i 35^ 8), Thus the slash areas were painftilly 
recognized as one of the great obstacles of forest fire protection, 
and disposal legislation and volimtary Fire Protection Associations were 
soon initiated. In 1911 the Forest Law provided brush disposal 
regulations in Minnesota, Idaho^ and Montana (National Forest District 
No, 1) which read: 
"Sec, 15, liJhere and whenever, in the judgment of the state 
forester, there is or may be danger of starting and 
spreading of fires from slashings and debris from the 
cutting of timber of any kind for any purpose, the state 
forester will notify the individual, firm or corporation, 
by whom the said timber has been or is being cut, ordering 
them to dispose of the slashings and debris as he may 
direct", (3^)« 
In 1912 disposal of logging slash became compulsory under the Daws 
of Oregon and Washington, The Washington Forest Fire Association had 
already been formed in I908 through the efforts of major timberland 
owners. 
Through developments in the United States, it had become apparent 
to Canadians that large areas of flamma.ble materdal following logging 
were almost certain to catch fire sooner or later, C.D, Howe (27), 
in surveying a portion of British Columbia for reproduction of commercial 
species stated, "Logged-over areas which have not been burned with at 
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least a ground fire within fotir years after the logging operations were 
rather hard to find in the region explored". In contrast to the direct 
ownership of timber-producing land in the United States, Canadian timber 
berths were assigned to private operators on a lease basis, with the 
Dominion and Provincial Forestry Service responsible for license issue 
and renewal. Disposal of high-risk logging slash could be, and in many 
cases was, written directly into the timber license. Enforcement of 
license restrictions was never vigorously followed however, and 
disastrous wildfires were again the stimulus for action, British 
Columbia, holding tenure on timber volumes which surpassed any other 
province, was still rather slow in enforcing slash disposal. In 1912 
it was reported that lumbermen were thoroughly convinced that the best 
policy was to burn slash during a safe season under proper safeguards. 
By 1916 few logging operators had yet developed any systematic plan, 
and often moved on without proper disposal. It was not iintil 1938 
following the costly Campbell Eiver fire, which originated in slash, 
that regulations were provided. Section II6 was added to the Forest 
Act, requiring disposal of slash by btirning, which wclg amendeu lix ly^S 
to read only those areas designated by the Forest Service (^), 
British Columbia remains the only province today with slash 
burning regulations as acreage burned figures illustrate in Table 1, 
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Table 1 
Area of Slash Burned Annually by Prescribed Fires in 
Canada, by Province (31) 
Province Area Burned in Acres 
British Columbia 100,000 
Ontario 5,000 
Manitoba 500 
Alberta less than 500 
Nova Scotia less than 500 
Saskatchewan less than 100 
Quebec less than 100 
Newfoundland less than 100 
New Brunswick none 
Prince Edward Island none 
Controlled u^e of fire was now an established method of cleaning 
up the legging residue. Its Uoe wats to extend much beyond a straight 
hazard reduction tool but a great deal of reluctance met initial attempts 
to implement controlled burning as a silvicultural tool. Recognition of 
its silvicxiH-tTiral value preceded the final acceptance by many 
decades (27, 19)• 
Show and Kotok (te), in outlining the role of fire in the 
California pine forests, discussed in detail the "possible beneficial 
uses of fire", recognizing three silvicultural uses: (l) releasing 
reproduction, (2) controlling competition, and (3) preparing ground 
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for planting. 
Both the notable lack of information on proper application and the 
traditional attitudes toward fire aborted majiy subsequent attempts to 
capitalize on the advantages of controlled burning. Chapman (7) vividly 
describes the suspicion and resistance which met the initial proposals 
for the use of controlled fire in the southeast pine types. 
Administrators were hesitant to accept the concept, fearing the risk 
associated with fire vise. Publication of a pioneer study of fire 
benefits was actually suspended while the controversy heightened (56), 
By the early 19^*s administrators were convinced of the usefulness 
of fire and officially recognized its application, particularly to the 
longleaf and slash pine types. It had become evident that the annual 
burning, quite common in the south, was of negative benefit to the pine 
reproduction, while total exclusion of fire resulted in devastating 
wildfires. The high resistance of longleaf pine seedlings did however 
permit periodic btirning which reduced competition and fuel buildup, 
and controlled brown spot disease (55)* 
Davici cuid Klehm (11) were also experimenting with controlled fire 
in the western white pine type to: (l) reduce excessive fuel volumes 
in timber stands accidentally killed by fire and (2) dispose of large 
quantities of defective and unmerchantable but live timber remaining 
after logging in certain kinds of stands, Harold Weaver later 
investigated the use of fire as a thinning agent in Ponderosa pine on 
the Colville Indian. Reservation, His observations were first restricted 
to the natural role of fire (58) and its effect on the density of 
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Ponderosa pine jstands. He was convinced of the practicality of thinning 
stagnating stands with a controlled btirn and soon presented conclTisive 
results (59)* It was clearly stated however that the practices he 
advocated were not approved for use on Indian lands. 
By the 1950's controlled fire was being used for a wide variety of 
purposes 5 promoted primarily throoigh its low relative cost and its 
overall efficiency. Some of the more important silvicultural uses in 
slash types included: (l) preparation of seedbed for natxiral 
regeneration, (2) conditioning sites for artificial seeding and 
planting, and (3) reducing competing species. 
Present research and trends, - Intensification of forest management 
has resulted in a parallel increase in controlled fire use. An 
indication of progress was the introduction of the term "prescribed 
burning" which implies more than jiost the controlled use of fire. The 
Society of American Foresters (1958) define prescribed burning as: 
"skillful application of fire to natural fuels -under 
conditions of weather, fuel moisture, soil moisture, etc., 
that will allow confinement of the fire to a predetermined 
and at the time will produce the inteiisilj' uf 
heat and rate of spread required to accomplish certain 
planned benefits to one or more objectives of silviculture, 
wildlife management, grazing, hazard reduction etc. Its 
objective is to employ fire scientifically to realize 
maximum net benefits at minimum damage and acceptable 
costs". 
Conditions for prescribed burning are by definition, then, restricted 
according to explicit objectives. As these objectives become more 
refined, there will be an urgent need for fundamental knowledge of the 
relationship among weather variables, fuel moisture, and fire behavior. 
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Recent work in the United States (5, 6, 13) has produced the type of 
guidelines required for intensive fire use. Progress in the United 
States has obviously exceeded that in Canada, as documented by 
Weetman (60)r The primary objective of buj*ning in Canada has been 
hazard reduction and until recently research has been oriented in this 
direction. Fundamental silvicultural studies, however^ are now being 
conducted in Alberta (29)i Ontario (now Saskatchewan and Manitoba) (10), 
and British Columbia (26), 
In Canada and the United States there is a grov,d.ng concern over 
smoke pollution from prescribed burning^ which is especially critical 
in the populous United States, Public reaction to the smoke emission 
cam have a dramatic effect on the use of fire as resource managers have 
discovered and this reaction has served to stimulate air quality 
research (39)» Air quality research directly related to slash burning 
emissions has already begun in the Pacific Southwest, Pacific Northwest, 
and Northern Eocky Mountain regions of the United States, Studies 
include fundamental analysis of burning emissions (l8, 38, 33) as 
well as dispersion theories (12, 9? 50) which will aid responsible 
use of prescribed fire. 
Slash Hazard Rating 
Related studies, - Literature is lacking concerning this specific 
aspect of fire research since most studies in slash types are not 
protection oriented, A comprehensive program, however, was conducted 
by Fahnestock et al, during the period 1953-1960 (15^ l6, 17» ^). 
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Slash flannnability was determined for nine species over five years by 
meastiring rate of spread on small artificially constructed plots, Eax-ly 
phases of the sttidy were carried out in current year and one-year-old 
slash followed by an identical evaluation for five-year-old slash, 
Lodgepole pine was among the species examined and wsus defined as one of 
the most flammable during initial and subsequent years. Needles are 
usually retained on lodgepole pine slash for three years and hence the 
product of its flammability rating and dirration creates a critical 
fuel complex, Fahnestock _et al, (17) cited rates of spread in 
five-year-old lodgepole pine slash of 36 per cent of those in fresh 
slash, compared to an overall average of 23 per cent for all other 
species studied. Although quantity of slash was presented as an 
important variable influencing rate of spread^ lodgepole pine slash 
loadings are generally uniform even though stand characteristics may 
change. To use an extreme case as an illustration, Muraro (37) 
described the slash resulting from two stands of lodgepole pine — stand 
A^s average diameter being 8,0 inches and stand B's average diameter 
bfting 4-8 inches. Total clash weight fur- ettyh atand was 23,-^5 tons/acre 
and 23,80 tons/acre respectively, although distribution of needles, 
branchwood, and unmerchantable tops were moderately different. 
Since center ignition was used on all plots the spread measurements 
reflect the growth phase which precedes true equilibrium fire advance. 
The results of the study are hence more applicable to relative 
flammability ratings rather than to absolute prediction of fire spread. 
Two Canadian, authors presented similar point ignition data for the slash 
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types (61, 6 2 ) J  howeYer, limited obserrations render tliem inapplicable. 
The only published account of headfire rate of spread directly relating 
to this study was that by Van Wagner (^8), 
Van Wagner described both headfire and backfire rate of spread 
of three experimental fires in jackpine sleish, Althoiigh the limited 
data does not allow strong conclusions, there are some interesting 
observations. Backfire spread rates vere consistently less than ten 
per cent of headfire spread. The three plots were burned under 
moderate, highj and extreme burning conditions and rate of spread 
exhibited a strong increase v/ith the corresponding decrease in fuel 
moisture. 
Rate of spread figures are summarized for many important fuel 
types from individual wildfire report forms. Analysis such as those 
published by Abell (l) and Jemison and Keetch (28) presented spread 
figures for free-burning wildfires in a variety of fuels, both timber and 
non-timber. Their application to the rating of any of the fuels, 
including slash, is questionable since fire report forms tend to 
generalize as well as obscure important variables, 
Canadian Fire Weather Index, - To rate any fuel effectively requires 
a knowledge of fire behavior and the weather conditions experienced 
dixring the summer season, A variety of systems for summarizing the 
important weather variables have existed in both the United States and 
Canada for more than thirty yeajrs. Initial studies v;ere conducted by 
H,T, Gisbome (21, 22, 2?, 24, 25) and J.G, Wright (55, 56, 57, 58), for 
the respective countries, in vfliich wind, velocity, relative humidity. 
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temperature, precipitation, and solar radiation were isolated as 
important variables affecting fire behavior. Since these early studies, 
there have been numerous attempts to translate the interaction of these 
variables into terms of fire hazard in important timber types^ However^ 
the interim developments are not directly related to this report and 
are bypassed with the exception of the latest Canadian work^^ 
Wright^s studies, beginning in 1932, provided the basic procedures 
for subsequent Canadian investigations during the next thirty year-s^ 
He attacked the problem of hazard rating by dividing it into three 
logical categories: (l) acquiring meteorological data, (2) measuring 
fuel moisture content, and (3) observing test fire behavior^ 
During the 1960^s, attention was drawn to the need for a national 
system which provided a uniform scale for rating fire weather severity 
across Canada. Supplementary tables would be inserted to account for 
regional fuel types in terms of the standard national system^. By 1969? 
the first phase was completed and the Canadian Forest Fire Weather 
Index (FWI) was issued, at first on a provisional basis (2)^ By 
definition, the final index w^iD t>lx'i(jily weather dependent and was 
designed to numerically rate fire intensity in a standard fuel type. 
The overall system is based on three classes of fuel, i.e., a 
fine loosely arranged material which wets and dries readily; the 
compacted, decomposing organic layer^ and a heavy, deep fuel which 
responds only to long-term drought. The fuels can also be defined in 
terms of their timelag factor^ which is the time required to lose 
approximately 63 ver cent of original moistui'e above equilibrium after 
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•being subjected to drier conditions. Van Wagner (50) attached the 
timelag factors as follows: 
Fine fuel - two-thirds of a day 
Duff - twelve days 
Drought - fifty-two days 
Indices were constructed for the wetting and drying phases of each 
of these fuels based on Wright's original data and further work in 
Ontario and British Columbia (62, 63i 64, 65, 47)* l^i coded form the 
three moisture regimes appear as Fine Fuel Moisture Code (FFMC), Duff 
Moisture Code (DMC), and Drought Code (DC), These were then related 
to actual fire behavior (experimental fires in red pine plantations) 
producing the intermediate Initial Spread Index (ISI) and the final Fire 
Weather Index (FWl), All indices were calculated from noon readings of 
rainfall, relative humidity, wind velocity, and temperature. 
Since the system is modular in design, the individual codes can 
be examined separately (Figure l). This provision for ready access to 
all blocks is well suited to hazard rating, since fire behavior can be 
related to the appropriate component. If the system is reasonably 
accurate, the daily calculation of codes and indices will provide 
gtiidelines once relationships to fire behavior in any given fuel type 
are established. 
Rainfall 
Relative Humidity 
Wind Speed 
Temperature 
BLOCK 1 
Fine Fuel Moisture 
Code 
FFMC 
Rainfall 
Relative Humidity 
Temperature 
Rainfall 
Temperature 
BLOCK 2 
Duff Moisture 
Code 
DMC 
BLOCK 3 
Drought Code 
DC 
N/^ 
Wind Speed ^ 
BLOCK 4 
Initial Spread 
Index 
ISI 
BLOCK 5 
Adjusted Duff 
Moisture Code 
ADMC 
BLOCK 6 
Fire Weather 
Index 
FWI 
Figure 1. Block Diagram of Forest Fire Weather Index 
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Figure 2, General view of the burning site. In the foreground, to the 
right, is an isolation strip burned in early spring. 
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A-
FIGURE 3. RESEACH FOREST AND EXPERIMENTAL AREAS ©,©. 
17 
Figure 5. Sprinkler system being used on plot perimeter prior 
burning. 
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CHAPTER II 
PROCEDURES 
Since study objectives were defined for commercial operations in 
lodgepole pine, a ts^ically logged area was desirable for plot 
establishment. Fifty acres of uniform lodgepole pine were reserved on 
the Federal Research Forest^ and winter logged using commercial 
specifications. The first twenty-five acres were logged in March of 
1968 and burned during the summer of 19^91 the second twenty~fd.ve acres 
were logged in Februajry and March of 1970 and burned during the summers 
of 1970 and 1971. 
The Area 
The Kananaskis Research Forest is fifty miles west of Calgary, 
Alberta (Lat, 52^ Long. 115*^) i^ an area typical of the Eastern Slope 
Rockies Section (SAI) of the subalpine forest region (^l)» Valley 
bottoms are around ^500 feet above sea level and mountain tops range 
through v/hich the Kananaskis River flows, is oriented north-south. 
The reseai'ch forest encloses approximately twenty—three square miles and 
is maintained for both summer and winter research pertaining to 
important environmental topics. 
The burning area is located on the main valley floor (Figure 2) 
where soil is described by Duffy and England (l4) as aeolian loamy silt 
and alluvial materials. The stand before logging was predominantly 
even—aged lodgepole pine (Pinus contorta Dougl, var, latifolia Engelm.) 
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with scattered white spruce (Picea glauca (Moench) Voss), TJnderstory 
vegetation consisted of Rosa spp,, Cornus spp«, and Alnus spp. The 
humic or duff layer averaged three inches in depth with a near continuous 
moss cover. 
Important stand characteristics are listed belowj 
Average DBH 8,5 inches 
Average height 6l feet 
Average age 90 years 
No, of stems 425/acre 
The Kananaskis Research Station and specific study area^ are 
illustrated in Figure 3* 
Techniques 
Plot layout 
Twenty-five one—acre plots were established within the clearcuts 
by bulldozing fifteen-foot firelines to mineral soil (Figure 4), The 
plots were rectangular (265 feet x I65 feet) and oriented longitudinally 
with the prevailing wind to facilitate headfire ignition. Treatments 
were assigned initially to the blocks on the lee perimeter of the 
clearcuts, providing burned areas dovmwind of subsequent fires. Low 
intensity burns were used to secure additional safety zones between 
plots used for higher intensity burns. Final burning strategy was 
determined according to v/eather history and local -Vi-ind velocity and 
direction^ safe conduct being a foremost consideration. 
Since close association of experimental plots was a significant 
"escape" risk, a unique sprinkler system was designed to aid in 
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reducing spotting incidence and patrolling completed btirns (Figure 5)» 
The system provides both a remotely operated fireline aid during burns 
and an effective mop-up tool following burns, conserving manpower and 
water-reserves. 
Inventory 
All sampling was conducted within an area of ito feet x 80 feet, 
which was well inside the plot boiondaries. Slash was inventoried both 
prior to and immediately following burning using the line intersect 
method described by Van Wagner (^9)» Pre-fire and post-fire weight of 
the slash was calculated using the formula: 
W = 11^63 S d  ̂
L 
where W = weight of slash (tons/acre) 
d = diameter of piece intersecting the transect (inches) 
L = length of transect (feet) 
S = specific gravity of wood 
Slash less than four inches constituted the branchwood and 
•unmerchantable top and this represented a considerable range of fuel 
sizes. It was hence tallied by smaller breakdowns using twenty-four 
three-foot lines per plot and the following size classes: 
(1) less than one-half inch 
(2) 0,6 inches - 2,0 inches 
(3) 2,1 inches - 4,0 inches 
Rather than use mid-point diameters for each class it was decided to 
calculate mean diameters by precisely measuring all intercepts at 
randomly chosen three-foot transects on fourteen plots, seven from 
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each area^ Means for each size class are listed respectively and are 
consistently skewed to the smaller limitj 
(1) 0.17 inches 
(2) 0*97 inches 
(3) 2,73 inches 
IndiTidual block means and standard deviations axe listed in Appendix I» 
Specific gravities of »40 and ,50 were tised for the slash greater 
than four inches and less than fotir inches respectively. Needle weight 
was determined iising a proportional percentage of total branchwood 
weight derived from biomass studies at the Kananaskis Research Forest (JO), 
The three-foot transects were permanently located by firmly placing 
a length of flexible wire into the ground at one end, arcing it 
over the highest point of slash, and firmly placing it in the ground 
three feet from the opposite end. Orientation of the inverted U-shaped 
loop was selected randomly by shaking a die, multiplying the face by 
sixty, and establishing the line according to the compass azimuth 
corresponding to the resulting number^. Post-fire inventories were 
conducted at the identical location, althoiigh a new loop was often 
required when ••'ire temperatures were high enough to misshape the 
original one, A vertical view of the wire loop projects a three-foot 
line to the slash beds. 
Slash greater than four inches was tallied from six sixty-foot 
lines radiating at 60 degree intervals from the centre of each plot, 
A steel peg at the centre of the plot served as a permanent reference 
''Beaufait, ¥,R. Personal verbal, commainication. 
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for the pre-fire and post-fire inventories. Arrangement of the 
sampling transects is shown in detail in Figure 6, 
Square foot samples were extracted to mineral soil on individual 
plots and since weight of the duff layer increases significantly with 
depth, a one-inch breakdown was used for bulk density calculations. 
Sixteen samples from each clearcut provided initial total diiff loadings 
and bulk density for the three consecutive inch layers. One hundred 
and twenty additional samples, collected for moisture content 
determinations, were later used to confirm duff loadings. Figure 7 
illustrates the extraction of the square foot sample, which was later 
disected by one inch layers using an electric knife, Fotir depth 
measurements, one from each edge, were recorded before the sample v/as 
transported from the field. 
Average bulk densities for the inched layers are given below; 
First inch — 8,^9 tons/acre 
Second inch - 10,6? tons/acre 
Third inch - 11,5^ tons/acre 
liiuivldual block means and standard deviations are listed in Appendix II, 
Ninety-six spikes (four at each TJ-frame) were placed flush with 
the duff surface and used as reference for measuring depth of burn into 
the organic layer following each fire. Weight for the consumed portion 
of the duff was calculated using the average depth of burn and the 
appropriate bulk density figures. 
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Figure 7. Extraction of a square-foot sample using metal guide and 
serrated knife. 
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Weather and fuel moisture 
A standard weather station was established on site during early-
spring of each burning season. Continuous records of relative humidity^ 
temperatxire, wind, and precipitation were obtained throughout the sxuniner 
and daily noon readings provided input for FWI calciilations. 
Three moisture content samples were collected fifteen minutes 
prior to ignition for the three classes of slash less than four inches 
at a height of one foot above ground. Razor sharp shears were used to 
snip the branchwood which was then placed in 6—ounce seamless sample 
tins. Three tins of needles retained on the branchwood were also 
collected one foot above gromd, 
Dxiff moisttire content was determined for inched layers and the 
physically distinct L and F hoidzons^ from eight square foot samples 
per block collected tv/o hours prior to ignition. All separation and 
weighing was done at field headquarters on the day of burning. Oven 
diying follov/ed initial weighing and continued until sample weight 
© 
reached equilibrium at 105 C, 
Ignition 
Ignition of a back fire preceded the headfire as a means of 
assessing fire vigor and providing an additional safety zone. Two 
^Duff layers are frequently dexcribed in terms of their physically 
distinct layersj i,e,, newly fallen needles and twigs (L), partly 
fermented needles and twigs (F)^ and completely fermented needles 
and twigs (H), The H layer is usually absent from lodgepole pine 
duff layers. 
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flame throwers filled with diesel fuel were placed on the leeward 
boundary directly in line with the plot centre. They were 
simultaneously triggered on signal and moved to opposite edges• The 
procedure was repeated at the upwind end and a continuous headfire 
quickly developed and progressed toward the sampling zone* A 
sixty—foot allowance preceded the sampling grid to allow the headfire 
sufficient time to reach equilibrium. 
Rate of spread was measured from the leading edge of the TJ—frame 
grid by two meansj 
(1) Visual maps were simultaneously drawn from each side 
of the block using U--frame rows for spatial reference 
and stop watches. 
(2) Rate of spread was also mapped electronically, using 
a chromel-alumel thermocouple network superimposed 
over the TJ-frame grid. A multipoint recorder with an 
automatic compensating reference junction read each of 
the 2k thermocouples every k2 seconds. 
Analysis 
Data collected were divided into dependent and independent 
variables: 
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Dependent variables Independent variables 
T_ = Depth, of btirn 
= Rate of spread 
= Fire intensity 
7 /( 
= FFMC 
= DMC 
= DC 
= ADMC 
= ISI 
= FWI 
= Slash weight less than four inches 
Xg = Weight of the F layer 
XQ = Moistiire content of attached needles 
X^Q = Moisture content of the L layer 
X^ = Moisture content of the F layer 
X^2 = Moisture content of the total slash 
less than four inches 
Independent variables were first plotted against appropriate 
dependent vai'iables as a preliminary analysis of the relationships. 
From the plotted material the following equations were formulated for 
multiple regression analysist 
Y^ = f (X^, X^^, X^, Xg) 
f (X^, X^t X^i X^, Xg) 
f (X^, Xg, X^Q, X^) 
Y^ = f (X^, X^) 
f (X^, X^) 
f Xg) 
The program used eliminates the variables one by one from the 
total model, then selects the three independent variables which have 
the highest simple correlation coefficient with the dependent variable, 
and calculates equations for all the possible combinations of this set. 
Burning was carried out on two study areas having the same stand 
characteristics and physiography. However, to guard against a 
possibility of unequal fuel parameters masking important results, 
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Students t-test was applied to compare appropriate means of clearcut I 
and clearcut II. Appendix I, 11^ and III summarize t-tests of mean 
diameters^ duff loadings, and slash loadings^ respectively. 
The t-test compares means only and assumes equal variance for the 
two populations. As a method of evaluating this assumption for the 
above cases, Bartlett's test of homogenicity of variance was first 
applied. The homogenicity assumption was accepted in all instances. 
Appendix V lists formulae used for the above analysis. 
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CHAPTER III 
REST3LTS 
A total of twenty experimental plots were biirned diiring the 
three consecutive summers of 1969^ 1970, and 1971 with an annual 
distribution of ten, four, and six respectively* Weather data and 
component index values are listed for individual fires in Table 2» 
Rate of Fire Spread 
A simple linear regression of rate of spread on the Initial Spread 
Index (ISI) produced the best prediction of headfire advance, the 
calculated equpation being: RS (feet per minute) = 1,2^98 + ISI 
2 
with a coefficient of determination (r ) of «7^* The best three 
variable equation exhibited a coefficient of «78; however, all other 
variables were dropped as insignificant at the 0,05 level. 
The ISI is an interaction function of the FFMC and wind, both of 
which were measured during the headfire portion of each burn. Small 
fluctuatioTiR In i-dnd velocity v;crG cortimc-n uui-ixig moat fires and in all 
likelihood accounted for a major portion of unexplained variance. 
Plots were not burned under periods of gusty winds, but rather on days 
which exhibited steady wind velocities and directions. 
Fuel parameters which could significantly affect rate of spread 
independent of weather (surface area to volume ratio, compactness, etc,) 
were considered constant among plots. The results of the further 
breakdowns for slash below four inches supported this assumption since 
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distribution of particle sizes within the overall class waj3 similar 
among plots (Appendix III). 
Table 2 
Summarized Weather Data and Component Index Values 
by Fire Number and Date 
Fire Date iUH. Temp, Wind FFMC DMC DC ISI ADMC FWI 
\ 
1969 
1 July 8 ko 68 5 76 8 20 1.5 10 1 
2 July 8 32 72 6 76 8 20 1.5 10 1 
3 July 14 27 60 5 92 22 63 8 24 13 
4 July 15 32 6h 2 92 25 70 7 27 13 
5 Aug 7 36 64 7 86 32 196 5 45 13 
6 July 22 32 79 k 93 50 124 11 51 24 
7 July 23 25 72 6 93 50 124 11 51 24 
8 Aug 1 16 80 6 96 54 179 18 60 36 
9 Aug 1 12 82 9 96 54 179 18 60 36 
10 Aug l4 15 86 h 94 56 248 12 72 30 
1970 
28 11 July 15 16 81 6 94 63 136 12 63 
12 July 22 37 68 3 77 72 184 1 74 4 
13 July 28 59 62 3 80 82 230 2.5 89 10 
ik .TuH y 28 kk 65 k 80 82 230 2.5 89 10 
1971 
62 6 15 June 17 86 54 7 88 19 23 10 
16 June 30 29 61 6 86 20 132 4 28 8 
17 July 8 ¥f 66 3 80 23 158 1.5 34 5 
18 July 29 13 79 6 87 33 246 4 48 11 
19 July l4 17 79 3 93 38 198 10 51 23 
20 July 8 ¥f 66 11 84 23 138 8 34 9 
Rate of spread ranged from eight feet per minute to sixty-five 
feet per minute with corresponding ISI range of one to eighteen. 
Figure 8 ill\istrates the relationship of ISI and rate of spread for 
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the twenty experimental burns. Sustained headfire movement under the 
lower ISI values was only possible because of the continuous 
arrangement of the attached needles and the presence of at least a three 
mile per hotir wind. 
Depth of Bum 
The DMC alone best predicted depth of biarn into the duff layer, 
the calculated equation beingt DB (inches) = -0,1035 + ,0361 DMC, 
Coefficient of determination (r^) for the simple linear relationship 
was ,88, while the best three variable equation exhibited a coefficient 
of ,90, All other variables were consequently dropped in favor of 
expressing the relationship using a single independent variable. 
Since the DMC theoretically represents a three-inch duff layer, a high 
correlation is not surprising. The adjustment for long-term drought 
(ADMC) did not improve the prediction, possibly as a result of early 
saturating summer rains which prevented severe drying of the duff 
layer. 
Figure 9 illustrates the regression equation developed for depth 
of btirn as a function of DMC, which ranges irom zero to sixty. Because 
of the limited ntmiber of observations above DMC of sixty, the four 
1970 fires were not included in the calculation of the equation. Depth 
of burn varied from 0,10 inches to 2,21 inches over the range of DMC's 
experienced. 
Actual humus reduction was calculated from the bulk density per 
inch layer of duff and average depth of burn (Appendix VI), 
FIGURE 9. DEPTH OF BURN AS A FUNCTION OF DUFF MOISTURE CODE 
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Slash Constmiption 
Original slash loading is summarized by size class in Table 3« 
Table 3 
Original Slash Loading by Size Class 
Slash 
less than four inches 
Loading 
tons/acre Per cent of total 
Needles 3.23 7 
0 - .3" 2,09 4 
*6 - 2,0" 2*22 5 
2,1 - 4.5" 18,31 40 
Total 25.85 56 
Slash greater than four inches 20,18 44 
total' 46,03 100 
Needles were at least ninety-five per cent consumed in all 
fires independent of vigor* Depletion of all other slash was 
generally an inverse function of fuel moisttire and diameter size. The 
consumption of total slash or that of individual classes did not 
correlate with any of the independent variables. Precise consumption 
of total slash or that of individual classes did not correlate with any 
of the independent variables. Precise consumption estimates in the 
smaller breakdowns are admittedly difficult to obta±n without 
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elaborate side studies as a result of *^size class movement"• For 
example^ a five-inch piece tallied before burning may have been 
entirely consumed or reduced to a smaller diameter class» 
Permanent intersect locations did allow limited observation of 
the "size class movement'% since particles larger than four inches had 
been recorded for this purpose^ In all cases where the fuel loading 
before burning was greater than that preceding burning, permanently 
marked particles were being recorded into the smaller size class» 
The best sequential set of bums during a general drying period 
were the ten of 1969^ Burning followed an eight-inch rain during the 
preceding four weeks and progressed throughout a thirty—day period of 
near continuous dryings Fuel consumption for the ten burns is given in 
detail in Appendix YTTIw Consumption is strongly related to the 
number of drying days following the saturatirig rainfalls Burns 
conducted in the follovdng two summers did not fall consecutively 
within a single drying period, but rather between intermittent rains^ 
The strongly related trends of slash consxmiption, and duration of 
drought indicated by the 1969 data were not evident in either 1970 or 
1971 data. 
Slash moisture contents generally did not relate significantly 
to the index components^ Sampling design was partly responsible for 
the moisture content variation^ however, since stratification of the 
fuel bed was not observed, expostire and height from the ground was found 
to affect moisture content as much as fuel particle size^ 
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chapter iv 
discussion 
The plot size seemed well suited to the study of slash fires as 
a limited crew could easily sample, ignite, and patrol under the full 
range of weather conditions. The orientation of the long axis with the 
valley floor served to guarantee desired wind direction on all burning 
days. As a result no plots were burned under the influence of 
crosswinds and rate of spread figures should represent true headfire 
behavior. Since the nature of the combustion process^ especially in 
a heterogeneous fuel, does not produce true equilibrium spread it was 
observed over a distance sufficient enough to ignore erratic pulsing. 
Even once a uniform advance is developed smaill changes in wind 
velocity still tend to inject fluctuations. For the purposes of 
meeting the stated objectives of this study, averages of headfire 
advance are considered highly accurate. 
The leading edge of the fire front was used as reference for 
both visual and el f^ctronic reocrdings of the icLLe of spread. 
Thermocouple junctions were too sensitive to provide information on 
progressive movement between the twenty-foot grid rows; hence only 
average rate of spread from the first to the last rov; was calculated. 
Visual maps did provide row to row progress as a means of confirming 
equilibrium and checking the average obtained from theiTHOcouples, 
Four of the plots were burned following precipitation of 
approximately one-quarter inch dviring the twenty-four hour period 
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preceding that day's index calculation (that is sometime between noon 
of the previous day and noon of the current day). This of course 
substantially dropped the ISI« It apparently had little effect on 
Blowing rate of spread, however, ais actual spread values were 
significantly higher than others at the same index value, A second 
equation is included in Appendix VIII using four new LSI values 
calculated by ignoring the rainfall. The equation exhibits a much 
improved correlation coefficient. Since all foiir rains were of the 
rapid thundershower type, little of the moisture actually penetrated 
fuel pairticles (^3) aiid recovery to equilibrium moisture content was 
probably very rapid, suggesting a need for measurement of rainfall 
duration as well as amount. As a general observation pertaining to 
needle-retaining lodgepole pine slash, the effect of rapid rainfalls 
(one-quarter inch or less) could have essentially been ignored for 
ISI calculation when a reasonable drying day followed a shov;er. 
The three burning seasons were similar in weather pattern, i.e., 
a saturating rainfall occurring in the spring and early summer 
followed by a steady drying trend which resulted in extreme fire 
hazards by mid-August, This drought was most extensive during the 
1970 summerj however, only four fires v;ere conducted during that 
period. Depth of burn averages indicate that the relationship with 
DMC could become curvilinear at the upper limits (Appendix IX), A 
depressing or flattening curve is a likely occurrence at high CMC's 
considering the incresised moisture stresses with increased drought, 
increased duff density in the deeper layers, and the eventual 
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limiting quantity of duff. With, only four experiments conducted 
above DMC of sixty, a prediction of depth of bum beyond this critical 
point will await further results to support 1970 data. A similar 
study continues in Ontario^ and depth of burn corresponds well with 
Alberta data at the lower DMC's, Subsequent experiments at the higher 
values will help determine the final equation. 
Consumption of fuel is described in terms of the total combustion 
period since separate definitions of the flaming threshold and sustained 
glowing phase vmre obtained. Visual observation did confirm that the 
depth of the flaming zone increased directly v/ith fire vigor. 
Low-intensity burns exhibited a narrow headfire zone, followed by a 
weak, but sustained period of glowing combustion. High-intensity 
burns exhibited a wide headfire zone, followed by a short period of 
flaming combustion over the entire plot, and then by an intense 
glovring period. Generally the needles and branchwood were directly 
consumed during flaming combustion while lai'ger material and the duff 
were consumed during the following phases. 
Slope and aspect, both important parameters in determining rate 
of spread and fire impact, are not accounted for, and must be 
subjectively related to the presented data. Slash age is restricted 
to the needle retention period; but it is in these years that the most 
significant fire control and use problems occur, and hence the 
emphasis here, 
^Stocks, B,J, Personal correspondence. 
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CHAPTER V 
SUMMARY AND CONCLUSIONS 
Fire spread and impact were studied in needle-retaining lodgepole 
pine slash on the Kananaskis Research Forest, Alberta, Twenty one-acre 
plots were experimentally burned dirring three consecutiTe summers: 
ten in 1969', four in 1970t six in 1971« 
Independent variables which were meaisured included fuel moisture, 
fuel loading, and the composite of important weather variables. Past 
and present weather was summarized daily by component codes of the 
Canadian Fire Weather Index, Dependent variables included depth of 
burn into duff layer, slash consumption, and rate of spread. An 
eliminating regression analysis was used to establish relations 
between the dependent and independent variables. 
Regression equations were developed for two dependent variables in' 
terms of appropriate components of the Canadian Fire Weather Index, 
Rate of spread (RS) is expressed as a function of the Initial Spread 
Index (ISI) by the equation: 
RS (feet/minute) = 1,2^98 + 2,8154- ISI 
Depth of burn (DB) into the duff layer is expressed as a function of 
Duff Moisture Code (DMC) by the equation: 
DB (inches) = -0,1035 + O.O361 DMC 
Rate of spread ranged from eight to sixty feet per minute, while 
depth of burn varied from 0,10 inches to 2,21 inches, indicating the 
diversity of weather conditions experienced during the three summers. 
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Equations were not obtained for slash consumption in any of the 
fotir size classes used for analysis purposes. Generally the consumption 
of slash was inversely related to particle size and fuel moisture. 
Relationship of the dependent variables to indexes which are 
calculated daily in all forest districts provides a sotirce of 
information for resource managers. Potential hazard of lodgepole pine 
slash up to three years old can now be objectively rated and in cases 
where the manager decides to tise prescribed fire as a silvicultural 
tool his prescription can be determined in relation to the desired 
accomplishment, 
The following conclusions were determined from the study: 
(1) Reliable fire behavior information can be safely 
and efficiently obtained \ising a one-acre plot 
size, 
(2) Component modules of the Canadian Fire Weather 
Index (FWI) are valuable independent variables for 
predicting specific fire behavior and impact 
characteristics, 
(3) Duration, as v;ell as amount, of small rainfalls 
is an important factor to consider when predicting 
rate of spread from the Initial Spread Index (ISI), 
(k) Further results are required to conclusively predict 
the depth of burn into the humic layer beyond Duff 
Moisture Codes (DMC's) of sixty. 
Slash, moisture content sampling requires intensive 
stratification to eliminate variation caused by 
expos-ure and height above ground. 
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APPEHDIX I. Con^jarison of mean slash diameters by size class for 
clearcut I and II using Students t-test (diameter 
measurements in inches) 
SIZE CLASS SIZE CLASS SIZE CLASS 
0.5 in. 0.6-2.0 in. 2.1-i4-.0 in. 
CC I^ CC II CC I CC II CC I CC II 
0.17 0.18 O.9U 0.57 2.69 2.23 
0.17 0.21 0.59 1.19 2.99 3.11 
0.21 0.12 0.71 0.97 2.83 2.33 
0.15 0.17 0.87 0.8U 2.66 2.k7 
O.lil 0.13 1.16 0.68 2.kh 3.6U 
0.19 0.21 0.90 l.OU 2.1+0 2.kl 
0.15 0.l6 0.89 l.if8 3.66 2.35 
MEM CC I 0.17 MEAIT CC I 0.87 MEAN CC I 2.81 
MEAN CC II 0.17 MEAN CC II 0.97 mm CC II 2.65 
SD CC I 0.02 SD CC I .17 SD CC I O.llO 
SD CC II 0.03 SD CC II .29 SD CC II 0.1+9 
t value 0.00 t value 0.75 t value 0.63 
t 0.5 2.179 t 0.5 2.179 t 0.5 2.179 
Combined CC Combined CC Combined CC 
Mean 0.17 in. Mean .92 in. Mean 2.73 in. 
Hie hypothesis that there is no difference between the clearcut 
means is accepted in all cases at the level of significance. 
^CC - clear-cut. 
SD - standard deviation 
APPENDIX II. Comparison of the duff layer on clearcut I and II using Students t-test (weights in 
gms/sq. ft.) 
INCH 1 INCH 2 INCH 3 
CC ll CC II CC I CC II CC I CC II 
157.8 lUi+.2 115.7 lll+.l 201.3 227.1 
167. U 217.0 118.6 183. U 2k0.8 221.6 
128.8 117.3 173.8 25I+. 5 238,9 22I+.O 
269.3 256.2 353.5 376.2 259.9 
310.2 152.0 207.8 226.3 138.0 338.3 
15i+.0 268.8 213.7 29i+.0 281.6 217.6 
230.8 206.9 lkk.2 307.2 317.7 315.0 
121.7 153.9 I2U.7 250.7 122.k 209.0 
136.5 Ilk. 2 13^^.9 219.1 137.2 218.8 
192.6 138.0 290.0 228.1 207.2 29i+.2 
2U6.2 17^.5 2k0.9 265. U ikS.O U36,O 
101.9 lUU.l 15̂ .3 276.0 236. k 166.3 
129.6 216.8 272. u 165.8 260.8 298. k 
120.5 181.8 36k. 2 176.5 230.3 197. h 
131.5 311.1 287.2 323.1 226.7 196.9 
121.7 262.9 153.8 2^6.7 
MEM CC I 170.0 mm CC I 201.0 MEAN CC I 223.9 
MEAN CC II I8I1.2 MEAN CC II 2̂ 2.8 MEAN CC II 25^.7 
SD CC I 60.0 SD CC I 72.0 SD CC I 68.2 
SD CC II 56.2 SD CC II 60.6 SD CC II 67.8 
t value 0.67 t value 1.72 t value 1.13 
t 0.5 2.0i+2 t 0.5 2.OI+2 t 0.5 2.0i+8 
Combined CC Combined CC Combined CC 
Mean 177.1 gms/sq.. ft. Mean 221.9 gms/sq.ft. Mean 239.3 gms/sq.ft 
(8.1+9 tons/acre (10.67 tons/acre) (11.5^ tons/acre) 
^CC - clearcut. 
The hypothesis that there is no difference between the clearcut means is accepted in all 
cases at the 95'^ level of significance. 
APPEHDIX III. Con5)arison df slash loadings by size class for clearcut I and II using Students t-test 
(weights in tons/aare) 
SIZE CLASS SIZE CLASS SIZE CLASS TOTAL SLASH 
0.5 in. .6 - 2.0 in. 2,1 - k.O in. i|.0 in. 
CC I^ CC II CC I CC II CC I CC II CC I CC II 
1.60 2.0i^- 2.18 3.91 19.31 25.39 23.09 31.3h 
2.19 1.15 1.22 2.80 23.26 13.17 26.67 17.1+2 
2.19 1.78 2.33 2.kk li+.6l 16.81+ 19.13 21,06 
3.0U 2.li+ 2.05 1.95 19.1+8 16.79 2I+.57 20.88 
2.65 2.k3 1.88 1.95 19.^8 22.73 21+.01 27.11 
2.11 1.98 2.78 1.50 2l+,26 13.63 28,15 17.11 
1.90 1.71 1.65 2.90 16.23 17.80 19.78 22. In 
1.81 1.98 1.72 2.2+3 21.61+ 16.21 25.17 20.62 
2.02 2.6k 2.35 2.U5 13.52 15.67 17.88 20.73 
2.09 2.36 1.78 2.16 18.39 17.83 22.26 22.85 
MEM CC I 2.16 MEM CC I 1.99 MEM CC I 19.02 MEM CC I 23.07 
MEM CC II 2.02 MEM CC H 2.1+5 MEM CC II 17.61 MEM CC II 22.15 
SD CC I 0.39 SD CC I O.i+2 SD CC I 3.33 SD CC I 3.17 
SD CC II o.4o SD CC II 0.63 SD CC II 3.60 SD CC II i+.06 
t value 0.7^ t value 1.81 t value 0.86 t value 0.5^ 
t 0.5 t 0.5 t 0.5 t 0.5 
Combined CC Combined OC Combined CC Combined CC 
Mean 2.09 Mean 2.22 Mean 18.31 Mean 22.61 
tons/acre tons/acre tons/acre tons/acre 
^CC - cleeircut. 
The hypothesis that there is no difference between the clearcut means is accepted in all 
cases at the 95% level of significeince. 
APPEiroiX IVa. Slash Consuiaptlon <V - Plot 3 - JuXv 8/69 
0 - .5" .6" - 2.0" 2.1" - 4.0" 
U-frame Pre-fire Post-fire Pre-fire Post-fire Pre-fire Post-fire 
weight (t/A) weight (t/A) weight (t/a) weight (t/A) weight (t/A) weight (t/A) 
1 0.3k 0.10 1.80 0.60 25.9k 25.94 
2 1.03 1.03 Nil Nil 25.9̂  25.94 
3 1.28 Nil 1+.20 3.00 25.9̂  25.94 
k 0.93 Ml 3.00 1.20 Nil Nil 
5 1.1+7 I.u7 3.60 3.60 25.9i+ 25.94 
6 0.83 Nil 1.80 Nil Nil Nil 
7 0.93 Nil 5.1+0 3.60 32.97 32.97 
8 2.55 0.25 2.1+0 3.60 Nil Nil 
9 2.21 2.21 1.80 Nil 32.97 12.97 
10 1.72 0.05 i+.8o 1.20 Nil Nil 
11 0.98 0.05 3.00 0.60 25.94 25.9̂  
12 1.23 0.13 3.00 3.00 32.97 32.97 
13 0.83 0.25 1+.20 1.20 25.9̂  25.94 
Ik 1.77 Nil 2.1+0 2.1+0 32.97 12.97 
15 2.01 0.1+1+ Nil Nil 25.94 25.94 
16 1.57 Nil l|-.20 2.u0 38.91 Nil 
17 2.95 0.1+9 i+.20 3.60 25.94 12.97 
18 3.24 Nil Nil Nil 12.97 Nil 
19 î .86 Nil 2.1+0 2.1+0 25.94 Nil 
20 1.52 Nil Nil Nil 25.94 25.94 
21 1.23 Nil Nil Nil Nil Nil 
22 3.3k 0.10 1+.20 3.60 25.94 25.94 
23 1.82 0.20 3.60 3.60 32.97 12.97 
2k 2.01 Nil i+.80 3.60 Nil Nil 
Average 1.78 0.28 2.kk 1.80 16.84 14.05 
Average % 
26 Consumption 85 17 
APmiDIX lYb. Slash Consigmption - Plot ^ - July 8/^ 
0 - .5" .6" - 2.0" 2.1" - 4.0" 
U-frame Pre-fire PDSt-fire Pre-fire Post-fire Pre-fire Post-f if e 
weight (t/A) weight (T/A) weight (t/A) weight (t/A) weight (t/A) weight (t/A) 
1 1.57 Nil Nil Nil 25.9^ 25.9^ 
2 1^7 Nil 1.20 1.20 12.97 12.97 
3 1.03 0.20 1.20 1.20 38.91 38.91 
3.63 0.05 1.20 1.20 12.97 12.97 
5 2.hi Nil 3.00 1.20 12.97 12.97 
6 l.l8 Nil 1.80 Nil 38.91 38.91 
7 1+.91 Nil I1.2O 0.60 12.97 12.97 
8 2.11 0.05 1.80 1.20 38.91 25.9^ 
9 1.28 Nil 0.60 0.60 12.97 12.97 
10 1.37 Nil 1.20 Nil 12.97 12.97 
11 3.5^ 0.05 3.00 3.00 25.9^ 12.97 
12 3.83 Nil 3.00 1.80 38.91 25.9^ 
13 5.65 Nil 3.00 1.80 12.97 12.97 
llf 3.i+9 Nil Nil 0.60 25.9i^ 25.9^+ 
15 1.57 0.15 0.60 0.60 12.97 12.97 
l6 i+.57 Nil 2.i+0 1.20 25.9^ 25.94 
17 2.50 Nil 2.1+0 Nil Nil Nil 
18 2.50 Nil 1.20 1.20 38.91 25.9^ 
19 2.16 0.05 3.60 3.60 Nil Nil 
20 0.88 0.10 1.20 0.60 25.9^ 25.9^ 
21 2,01 Nil 1.80 1.80 51.88 12.97 
22 1.03 Nil 2.U0 2.1+0 12.97 12.97 
23 2.11 Nil 0.60 0.60 12.97 12.97 
2k I.U7 Nil 1.80 1.20 38.91 38.91 
Average 2.1+3 0.02 1.95 1.15 22.73 18.91 
Average % 
Consumption 99 i+1 17 
APPEHDIX IV c. Slash Consumption - Plot 10 - July 1^/69 
0 - .5" .6" - 2.0" 2.1" 
0
 1 
U-frame Pre-fire Post-fire Pre-fire Post-fire Pre-fire Post-fire 
weight (t/A) weight (t/A) weight (T/A) weight (t/A) weight (t/A) weight (T/A) 
1 2.1+1 Nil i^.ho Nil Nil Nil 
2 5.35 Nil 2. ho Nil Nil Nil 
3 2.65 Nil 1.20 Nil 38.91 38.91 
ll- 1.91 Nil 1.80 Nil 12.97 Nil 
5 1.77 Nil 3.00 Nil 22.97 32.97 
6 1.13 Nil 2.ho Nil Nil Nil 
7 2.11 Nil 2.ho Nil 12.97 12,97 
8 1.87 Nil 1.80 Nil Nil Nil 
9 1.57 Nil 0.60 Nil Nil Nil 
13 1.37 Nil 1.20 Nil Nil Nil 
11 1.91 Nil Nil Nil 12.97 12.97 
12 k.96 Nil 5.^0 0.60 6i|..85 25.9^ 
13 k.J2 Nil 3.00 Nil Nil Nil 
lii- 1.23 Nil 1.20 Nil Nil Nil 
15 3.58 Nil 10.20 Nil 25.9^ Nil 
l6 1.57 Nil 1.20 Nil 25.9^ 12.97 
17 2.85 Nil 1.20 Nil 12.97 Nil 
18 k.22 Nil 3.00 Nil 38.91 25.9^ 
19 1,28 Nil Nil Nil 25.9^ 12.97 
20 2.75 Nil 3.60 Nil 25.9^ 25.9^ 
21 2.60 Nil 3.00 Nil 25.9^ 25.91^ 
22 h.37 Nil h.20 Nil 12.97 12.97 
23 3.39 Nil 3.00 Nil Nil Nil 
2h 1,62 Nil 0.60 Nil 25.9^ 25.9^ 
Average 2.61 0.00 2.1+5 0.02 15.67 10,26 
Average ̂  
Consumption 100 99 35 
APEEiroiX IVd. Sle.sh Consumption •^^4-" - Plot 2 - July 1^/69 
0 - .5" . 6" - 2.0" 2.1" 1
 0
 
U-frame Pre-fire Pcst-fire Pre-fire Post-fire Pre-fire Post-fire 
weight (T/A) weight (t/A) weight (t/A) weight (t/A) weight (t/A) weight (t/A.) 
1 0.29 Nil Nil 0.60 12.97 12.97 
2 0,98 Nil U.80 Nil 12.97 12.97 
3 2.11 Nil U.20 Nil 25.9^ 25.9^ 
U 0.59 Nil 1.20 0.60 Nil Nil 
5 1.96 Nil Nil 0.60 J-2.97 12.97 
6 1.37 Nil 3.00 Nil Nil Nil 
7 0.7^ Nil I1.80 Nil 12.97 12.97 
8 1.13 Nil 3.60 Nil 6U.85 12.97 
9 O.kk Nil 1.20 Nil 12.97 12.97 
ID 0.6U Nil 1.80 Nil 12.97 12.97 
11 1.23 Nil 2.k0 Nil 12.97 12.97 
12 0.69 Nil 0.60 Nil Nil Nil 
13 0.7^^ Nil 3.60 1.20 02.97 12.97 
li^ 0.61^ Nil 3.60 Nil 25.9^ 25.9^+ 
15 1.08 Nil 3.60 Nil 38.51 12.97 
16 0.88 0.15 Nil Nil Nil Nil 
17 0.39 Nil 3.00 Nil 38.51 38. 51 
18 0.88 Nil i+.20 Nil Nil Nil 
19 1.57 Nil 5A0 Nil Nil Nil 
20 1.18 Nil 5.U0 Nil 12.97 Nil 
21 1.62 Nil i+.20 Nil Nil Nil 
22 1.96 0.10 I+.80 0.60 Nil Nil 
23 1.27 Nil 1.80 Nil Nil Nil 
2k 3.97 Nil Nil Nil 12.97 25.9^ 
Average 1.15 0.02 2.80 0.15 13.^7 10,25 
Average % 
Consijmption 99 95 2k 
APPEKDIX We. Sl£.sh Consimiption - Plot 1 - July 22. 
0 - .5" . 6" - 2,0" 2.1" - i+.o" 
U-ftrame Pre-fire Pcst-fire Pre-fire Post-fire Pre-fire Post-fire 
weight (t/A) weight (t/A) weight (t/A) weight (t/A) weight (t/A) weight (t/A) 
1 3.93 Nil U.80 Nil 51.88 25.94 
2 U.9I Nil 6.00 0,60 38.91 38.91 
3 2.55 Nil ll.lfO Nil 51.88 51.88 
If 1.18 Nil 8,lfO 0.60 38.91 32.97 
5 1.57 Nil 7.20 Nil 25.9^+ Nil 
6 1.23 Nil 7.20 0.60 38.91 25.94 
7 1.28 Nil 6.00 Nil 38.91 25.94 
8 1.87 Nil 9.60 Nil 38.91 25.94 
9 1.28 Nil 7.20 Nil 38.91 25.91+ 
id 1.13 Nil Nil Nil Nil Nil 
11 2.ke Nil 1.80 Nil 51.88 25.94 
22 0.98 Nil 9.60 Nil Nil Nil 
13 0.98 Nil 3.60 Nil 32.97 12.97 
Ik 0.88 Nil 1.20 Nil 38.91 12.97 
15 0.61+ Nil 0.60 Nil 25.9)+ 12.97 
16 2.90 Nil 1.20 Nil 25.94 Nil 
17 2, 36 Nil 1.20 Nil 25.94 Nil 
18 1.37 Nil Nil Nil Nil Nil 
19 2.95 Nil 2.1}-0 Nil 38.91 Nil 
20 2. In Nil 1.80 Nil 12.97 Nil 
21 1.37 Nil 0.60 Nil 32.97 Nil 
22 2.85 Nil 3.00 Nil Nil Nil 
23 6.19 Nil 1,20 Nil Nil Nil 
2k 1.28 Nil 0.60 Nil Nil Nil 
Average 2.0I+ 0,00 3.91 0.01 25.39 32.1+2 
Average % 100 100 51 
Cons-uraption 
APEEMDIX IVf . Sl-ash Consumption <U" - Plot 4 - July 2.2,1^9 
0 - .5" .6" 2.0" 2.1" 
0
 1 
U-£rame Pre-fire PC'St-fire Pre-fire Post-fire Pre-fire Post-fir e 
weight (T/A) weight (T/A) weight (T/A) weight (T/A) weight (T/A) weight (T/A) 
1 1.37 Nil Nil Nil 12.97 12.97 
2 2,01 Nil 3.00 Nil 12.97 12.97 
3 0.74 Nil 3.60 0.60 32.97 Nil 
2.65 Nil 1.20 Nil 51.88 12.97 
5 1.52 Nil 1.20 0.60 12.97 Nil 
6 3.04 Nil 1.80 Nil 12.97 12.97 
7 1.37 Nil 3.00 0.60 25.9^ 12.97 
8 1.42 Nil 1.80 Nil Nil Nil 
9 1.13 Nil Nil Nil Nil Nil 
OJO 2.46 Nil 3.60 1.20 38.91 Nil 
11 2.45 Nil 2.40 Nil 25.9^ 12.97 
12 2.06 Nil 3.00 0.60 25.9^ Nil 
13 1.77 Nil 0.60 Nil 12.97 12.97 
1.37 Nil Nil Nil 12.97 12.97 
15 3.19 Nil 3.00 Nil Nil Nil 
l6 3.34 Nil 3.60 0.60 Nil Nil 
17 2.99 MI 5.40 0.60 64.85 Nil 
18 4.12 Nil 3.00 0.60 51.88 12.97 
19 2.11 Nil 1.20 0.60 12.97 Nil 
20 1.77 Nil 3.60 Nil Nil Nil 
21 1.42 Nil Nil Nil Nil Nil 
22 1.72 Nil Nil 0.60 Nil Nil 
23 2.75 CJil Nil Nil Nil Nil 
24 2.60 Nil 1.80 Nil 12.97 12.97 
Average 2.14 0.00 1.95 0.27 16.79 5.40 
Average °lo 
87 69 Clonsimption 100 
CP 
o 
iyPEEM)IX IVg. Slash Consumption - Plot 7 - Aug. I/69 
0 - .5" .6" - 2,0" 2.1' - i+.o" 
U-frame Pre-fire Po,3t-fire Pre-fire Post-fire Pre-fire Post-fire 
weight (t/a) weight (t/A) weight (t/A) weight (t/A) weight (t/A) weight (t/A) 
1 2.55 mi 3.00 1,20 38.91 12.97 
2 2.70 Nil U.80 Nil 25.9I+ 25.9^ 
3 1.23 Nil 2.1+0 Nil 12.97 Nil 
2.11 Nil 1+.20 0,60 0.00 Nil 
5 3.1^ Nil 3.00 Nil 12.97 12.97 
6 1. 52 Nil 3-00 Nil 51.88 25.9^ 
7 1.62 Nil 3.60 Nil Nil Nil 
8 2.95 Nil 1.20 Nil 12.97 12.97 
9 2.1+6 Nil 3.00 Nil 38.91 25.9^ 
10 1.1+7 Nil 1.80 Nil Nil Nil 
11 2.21 Nil 2,^0 Nil 25.9^ 32.97 
12 2.70 Nil 21.60 Nil 38.91 Nil 
13 0.83 Wil 0.60 Nil Nil Nil 
lU 1.1+7 Nil 1,80 Nil Nil Nil 
15 1.23 Nil 2.k0 Nil 38.91 38.91 
16 0.98 mi 0.00 Nil Nil Nil 
17 2.06 Nil 3.00 Nil 12.97 12.97 
18 0.71+ mi 0,00 Nil Nil Nil 
19 1.62 •Nil 1.80 Nil Nil Nil 
20 1.1+7 isil 1.80 Nil 38.91 Nil 
21 0.93 mi 1.80 Nil 38.91 Nil 
22 1.33 ]gii 0.60 Nil Nil Nil 
23 0.83 Nil 0.60 Nil 25.9^ 12.97 
2k 0.98 Nil 1.20 Nil 12.97 Nil 
Average 1.711 0.00 2,90 0.07 17.80 8.10 
Average ^ 
Consumption 100 99 55 
APPEKDIX IVh. Slaish Cons'omption - Plot 9 - Aug. 1/69 
0 - .5" .6" - 2.0" 2.1" - u.O" 
U-frame Ere-fire Post-fire Pre-fire Post-fire Pre-fire Post-fire 
weight (t/A) wei.ght ( t/A) weight (t/A) weight ( t/A) weight (t/A) weight (t/A) 
1 1.96 Nil l+,80 Nil 12.97 Nil 
2 0.88 Nil 3.60 Nil 12.97 Nil 
3 h.71 Nil 7.80 Nil 25.9^ Nil 
h 2.hl 0.05 1.20 Nil 12.97 12.97 
5 2.01 Nil 1.80 Nil 38.91 12.97 
6 2.50 Nil Nil Nil 25.9^ 12.97 
7 1.96 Nil 1.20 Nil Nil Nil 
8 1.03 Nil 0.60 Nil ' 23.9h 12.97 
9 k .66 Nil 2.ho Nil 25.9^ 12.97 
od 2.70 Nil U.8O Nil 12.97 Nil 
11 2.1^6 Nil 3.60 Nil Nil Nil 
12 1.08 Nil 1.20 Nil 12.97 Nil 
13 1.37 Nil 1.80 Nil 12.97 Nil 
1)4 1.87 Nil 3.00 Nil 12.97 Nil 
15 1.72 Nil 2.ho Nil 12.97 12.97 
16 0.3^ Nil 2.k0 Nil Nil Nil 
17 0.98 Nil 0.60 Nil 25.9^+ Nil 
18 0.39 Nil 2.k0 Nil 38.91 Nil 
19 1.52 Nil 1.80 Nil Nil Nil 
20 1.77 Nil 1.20 Nil , 12.97 12.97 
21 3.19 Nil 7.20 Nil 12.97 Nil 
22 1.71 Nil 2. ho 0.60 12.97 Nil 
23 1.96 Nil Nil Nil 38.91 Nil 
2k 2.1^6 Nil Nil Nil Nil Nil 
Average 1.98 0.02 2.u3 0.02 16.21 3.78 
Average ^ 
Consumption 100 100 77 
APPENDIX IV i. S!Lash Consumption - Plot 12 - Aug. 7/69 
0 - .5" .6" • 2.0" 2.1' - i+.O" 
U-frame Pre-fire Post-fire Pre-fire Post-fire Pre-fire Post-fire 
weight (t/A) weight (t/A) weight (t/A) weight (t/A) weight (t/A) weight (t/A) 
1 1.77 0.05 2.i+0 Nil 38.91 25.91 
2 3.73 Nil 3.60 Nil 12.97 12.97 
3 1.08 Nil 1.20 0.60 25.9^ 12.97 
1+ 1.52 Nil 2.k0 Nil 12,97 32.97 
5 2.99 Nil Nil 0.60 12.97 Nil 
6 2.70 Nil 2.i)-0 Nil 12.97 Nil 
7 2.80 Nil k.20 Nil 25.9^ Nil 
8 2.90 Nil 5.1+0 Nil 38.91 12.97 
9 1.03 0.05 1.20 Nil 12.97 12.97 
10 0.29 Nil Nil Nil 25.9^ Nil 
11 U.03 Nil 3.00 Nil 25.9^ 22.97 
12 2.90 Nil 1.80 Nil Nil Nil 
13 0.39 Nil Nil Nil 25.9̂  12.97 
Ik 0.6̂  Nil Nil Nil 12.97 Nil 
15 Nil 1.80 Nil 25,9̂ + 12.97 
16 1.28 Nil 6.00 0.60 Nil Nil 
17 6.58 Nil U.80 0.60 12,97 Nil 
18 U.08 Nil 2.U0 0.60 25.9̂  Nil 
19 1.13 Nil 1.80 Nil 25.9k 02.97 
20 3.^9 Nil 3.00 Nil 12.97 12.97 
21 2.70 0.15 1,20 Nil 12.97 Nil 
22 0.98 Nil 0.60 1.80 25.9^ 12.97 
23 0.88 0.10 1.20 Nil Nil Nil 
2h 2.55 Ml 1.80 Nil Nil Nil 
Average 2.36 3.01 2.16 0.20 17.83 7.02 
Average % 
Consumption 100 91 61 
apeewdix ivj. Slash Consuitrption - Plot 6 - Aug. lU/69 
0 - . 5" .6" - 2.0" 2.r 
0
 1 
U-frame Pre-fire Post-fire Pre-fire Post-fire Pre-fire Post-fire 
weight (t/A) weight (t/A) weight (t/A) weight (t/A) weight (t/A) weight (T/A) 
1 1.13 Nil Nil Nil 12.97 Nil 
2 1.77 0.20 1.80 Nil Nil Nil 
3 1.87 Nil 0,60 Nil Nil Nil 
U 1.57 0.05 0,60 Nil 25.9̂ + Nil 
5 2.21 Nil 0.60 Nil 25.9I+ 12.97 
6 2.06 0.15 1.80 Nil 12.97 Nil 
7 2.55 Nil 2.k0 Nil Nil Nil 
8 2.16 0.05 0.60 Nil 25.9̂  Nil 
9 0.5̂  Nil 1.80 0.60 12.97 Nil 
id 2.11 Nil 1.80 0.60 12.97 Nil 
11 2.90 0.05 1,80 Nil Nil Nil 
12 2.36 0.05 1.20 0.60 38.91 Nil 
13 1.52 Nil k.20 Nil Nil Nil 
lU l .k? Nil 0.60 Nil 25.9̂  Nil 
15 I.h2 Nil 0.60 Nil 12.97 Nil 
16 0.79 Nil 1.20 Nil Nil Nil 
17 1.57 Nil Nil 0.60 25.9̂  Nil 
18 2.k6 Nil 2.k0 Nil 12.97 Nil 
19 1.67 Nil 1.80 Nil Nil Nil 
20 k.17 Nil 2.U0 0.60 25.9̂  Nil 
21 3.88 Nil 2.ii-0 Nil Nil Nil 
22 2.06 Nil Nil Nil 25.9̂  Nil 
23 1.77 Nil 3.00 Nil 12.97 12.97 
2h 1.72 Nil 2.14-0 Nil Nil Nil 
Average 1.90 0,02 1.50 0.12 13.63 1.08 
Average ^ 
Consuti^tion 99 92 92 
a--p-
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APPENDIX V. Formulae used for statistical tests 
Students t-test 
t = Xl - X. 
sM 1  + i  ) 
Ni N2 
Bartletts test for homogeneity of variance 
- M/c = f(kln (s^)) - S ln(s^^) 
i + k + J .  
3kf 
where = 2s. 
X 
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APPEKDIX VI. Depth of bixrn. and corresponding weight of duff consumed 
by block number. 
Block Depth of Burn (In.) Duff Consumed (Tons/Acre) 
1969 
1 1.59 
+ 
.95 lh.79 
2 0.70 + .79 5.9^ 
3 0.11 
+ .23 0.93 
if 1.98 + 1.03 18.95 
5 0.21 .30 1.78 
6 1.52 
+ 
1.08 ll+.Oî  
7 1.81 db .93 17.13 
8 2.21 ± .88 21.58 
9 0.87 
+ .81 7.39 
10 0.91 ± .92 7.73 
1970 
11 1.1k ± .95 9.98 
12 1.50 + 1.01 13.83 
13 l.î o 1.09 12.76 
lî  1.60 + 1.17 1J+.89 
1971 
15 0.6k 4" .71 5.1^3 
16 0.k7 + .33 3.99 
17 0.59 
4" 
.52 5.01 
18 0.59 
+ .i+8 5.01 
19 1.33 
-r 
.97 12.01 
20 l.ll̂  t .89 9.98 
Bulk Density of Duff (Tons/inch/Acre) 
First Inch = 8.^9 tons/acre 
Second Inch = 10.67 tons/acre 
Daird Inch = 11,5^ tons/acre 
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APPENDIX VII. Correlation between index components 
and actual moistiire contents 
Needles Slash 
attached Litter F layer U" 
Coefficient of Determination (r) 
.kS .28 -- .hh 
.23 .65 .33 
.10 
.38 .21+ 
FFMC 
DMC 
DC 
ADMG 
APPENDIX VIII RATE OF SPREAD AS A FUNCTION OF INITIAL SPREAD INDEX, RAINFALL 
IGNORED FOR INDEX CALCULATION AS INDICATED 
5CA 
c 
E 
i-
di 
a. 
Q 
< 
UJ 
cm 
a. 
to 
u. 
O 1969 BURNS 
1970 BUKNS X 
1971 BURNS • 
A RAINFALL IGNORED (-OR ISI CALCUtATION 
tu 
INITIAL SPREAD INDEX (IS!) 
APPENDIX IX DEPTH BURN AS A FUNCTION OF DUFF MOISTURE CODE 
1970 ALBERTA DATA x 
ONTARIO DATA • 
DUFF MOISTURE CODE (DMC) 
